We report magnetotransport measurements in ballistic graphene/hexagonal boron nitride mesoscopic wires where the charge carrier mean free path is comparable to wire width W . Magnetoresistance curves show characteristic peak structures where the peak field scales with the ratio of cyclotron radius R c and wire width W as W/R c = 0.9 ± 0.1, due to diffusive boundary scattering. The obtained proportionality constant between R c and W differs from that of a classical semiconductor 2D electron system where W/R c = 0.55.
phonons [15] are significantly suppressed. To understand the fundamental transport proper-23 ties of quasi-ballistic graphene, it is highly desirable to characterize the effects of boundary 24 scattering.
25
In the mesoscopic wire system made from conventional semiconductor-based two-dimensional 26 electron systems, it has been established that, if the charge carriers travel ballistically in 27 the bulk region and are scattered diffusively at the sample boundary, the device exhibits sistance peaks are due to diffuse boundary scattering, the probability of specular scattering, 31 namely specularity parameter p, can be extracted by measuring anomalous magnetoresis-32 tance peaks [16] [17] [18] [19] .
33
transferred on a h-BN crystal using an alignment technique under an optical microscope [20] .
55
Monolayer thickness of a graphene flake was verified by Raman spectroscopy. Bar-shaped 56 geometry was defined using standard electron-beam lithography and subsequent oxygen 57 plasma etching. The electrical contacts were defined by electron-beam lithography followed 58 by the evaporation of Pd (80 nm) and lift-off. The resist residues were removed by annealing 59 at 300
• C in Ar/H 2 (97:3) gas flow for 6 h.
60
In order to study the dependence of the transport properties on channel length L, we 61 fabricated three devices for L = 0.6, 1.4, and 2.3 µm with channel width W = 1.0 µm in a 62 single graphene flake [inset in Fig. 1(a) ]. Transport measurements were carried out using 63 the standard lock-in technique with a small alternating current of I ac = 100 nA in a variable 64 temperature insert at T = 1.5 ∼ 300 K. A heavily doped Si substrate was used as a global 65 back gate V g to tune carrier density n = C g (V g − V Dirac ), where C g = 1.07 × 10 −4 F/m 2 is the 66 gate capacitance and V Dirac is the value of V g at the charge neutrality point [2] . A magnetic 67 field was applied perpendicularly to the sample surface. 
74
The carrier mobility limited by long-range scattering (described below) on hole side reached 75 µ l = 63, 000 cm 2 /Vs at T = 4 K. In the following discussions, we focus on the hole side of 76 the σ because the hole mobility was higher than the electron mobility.
77
To extract the mean free path, we fitted the conductivity using the transport formula of an additional scattering mechanism, which is neither long-nor short-range scattering. as a function of B, which can be attributed to Shubnikov-de Haas oscillation.
101
In standard theory for ballistic transport phenomena in two-dimensional electron systems 102 in a small magnetic field [6] , if the cyclotron radius is larger than the sample width, R c > W ,
103
and if the electrons are scattered diffusively at the sample boundary, the boundary scattering 104 effect leads to an increase in the backscattering probability as schematically shown by solid 105 curves in the inset of Fig. 2(a) . When the magnetic field is increased, the cyclotron diameter 106 becomes smaller than the sample width 2R c < W . Under this condition, a skipping orbit of 107 charge carriers at the sample boundary is formed, and the backscattering probability is sup-108 pressed as schematically shown by the dashed curves in the inset of Fig. 2(a) 
114
We studied R as a function of B for shorter channel lengths of L = 1.4 and 0.6 µm
115
[ Fig. 2(b) ]. The amplitude of anomalous magnetoresistance curve, ∆R = R max − R min
116
[indicated by solid and dotted arrows in Fig. 2(a) , respectively], decreased with decreasing B max = ±0.14 T. The peak positions were compared with the calculated B max using equation
139
(1). As shown by the colored areas in Fig. 3(a) , the peak positions were well fitted with the 140 calculated positions for α = 0.9 ± 0.1.
141
To investigate the dependence of α on the channel width, we studied another sample for 142 larger channel width (L, W ) = (3.1 µm, 1.5 µm) [ Fig. 3(b) ]. Compared with the device 143 with smaller W [Fig. 3(a) ], the values of B max were decreased [ Fig. 3(b) ]. Moreover, the 144 peak positions were also fitted by the equation (1) for α = 0.9 ± 0.1, as indicated by the 145 colored area in Fig. 3(b) . These analysis were also valid for other samples for (L, W ) = (1.4 146 µm, 1.0 µm) and (2.5 µm, 0.95 µm). These observations indicate the independence of the 147 proportionality constant α on channel width W .
148
The obtained proportionality constant α was larger than that of classical massive charge 
